ABSTRACT A raised hemidiaphragm has been reported as an uncommon complication of cardiopulmonary bypass, possibly resulting from cold injury to the phrenic nerve. At Papworth Hospital myocardial protection during cardiac arrest relies in part on irrigation of the pericardial cavity with large volumes of Hartmann's solution at 40C. Retrospective review of the chest radiographs of 100 consecutive patients undergoing cardiopulmonary bypass showed that 31 had a raised left hemidiaphragm soon after operation. The only significant correlation was with aortic cross clamp time (p < 0.03). A prospective study of 36 consecutive patients undergoing cardiopulmonary bypass was then undertaken with diaphragmatic screening and chest radiography. Preoperative screening gave normal results in all patients. In the early postoperative period 16 (44%) had left diaphragmatic weakness or paralysis, two (5.5%) right sided weakness, and two (5.5%) bilateral weakness. Repeat screening of these patients showed resolution in all but four cases (80%) at six months and in all but two (90%) at one year. The greater number of left sided lesions than of right (8:1) is probably due to the fact that the cold jet of irrigating fluid is directed towards the left phrenic nerve. These findings have implications with regard to the optimum temperature of the irrigant fluid for myocardial protection during cardiopulmonary bypass.
A raised hemidiaphragm complicating cardiopulmonary bypass has been previously reported. ' The incidence is variable and the aetiology remains uncertain but has been attributed to cold injury of the left phrenic nerve.' 2 Gastric distension, left lower lobe atelectasis, pulmonary trauma,2 stretch trauma, 6 and association with dissection of the left internal mammary artery-have also been proposed.
We recently noted that a raised left hemidiaphragm on postoperative chest radiographs of patients undergoing open heart operations was relatively common in our unit. These investigations were undertaken to define the incidence, duration, and possible aetiology of this complication.
Patients and methods
A retrospective review of the previous 100 consecutive patients undergoing operations with cardiopulmonary bypass during 1982 was undertaken. Their mean age was 54 years (range 11-77) and 27 were women. The immediate preoperative, early postoperative (8-10 days), and late postoperative (6 months) posteroanterior chest radiographs were studied. The highest point of the left hemidiaphragm was compared with that of the right. If the point on the left was at the same horizontal level or higher than that on the right it was described as raised. An estimate of the incidence of raised left hemidiaphragm soon after operation and its subsequent resolution by six months was made.
To investigate the aetiology of this complication the early postoperative incidence was compared in different groups of patients with regard to operating surgeon, age and sex, operation performed, and aortic cross clamp time.
Having shown a high incidence of raised left hemidiaphragm we undertook a more comprehensive prospective study. A group of 36 consecutive patients undergoing operations including cardiopulmonary bypass was studied. Their mean age was 51 years (range 27-66) and seven were women. Diaphragmatic screening of both hemidiaphragms was undertaken before operation and eight to 10 days and six months to one year after operation. All Incidence and aetiology of a raised hemidiaphragm after cardiopulmonary bypass screening was carried out by one radiologist (LJH) as a single blind procedure. Hemidiaphragmatic excursion during normal breathing and sniffiing was recorded.7 If postoperative hemidiaphragmatic movement was absent or less than at the preoperative screening, this was described as a weak hemidiaphragm. If the excursion was paradoxical the hemidiaphragm was described as paralysed.
Results
The chest radiographs of the 100 patients studied retrospectively showed that four had a raised left hemidiaphragm before operation. Twenty seven more patients developed a raised hemidiaphragm soon after operation (overall 31 %). With Student's t test no significant association could be found between a raised left hemidiaphragm and age or sex, any of the four surgeons who operated, or the nature of the operation. There was, however, a significant relationship (p < 0.03) with aortic cross clamp time, which reflects the duration of myocardial cooling by irrigation of the pericardial wall with cold fluid. Patients without this complication had a mean aortic cross clamp time of 60 (SE 3) minutes, whereas those with a raised left hemidiaphragm had a mean aortic cross clamp time of 74 (6) minutes. Six months after operation in 14 of the 31 patients (45%) with raised left hemidiaphragms there had been a return to a normal position. The four patients with a raised left hemidiaphragm before operation showed no change in early or late postoperative films.
Three of the 36 patients studied prospectively (table 1) showed a raised left hemidiaphragm on preoperative chest radiography. Diaphragmatic screening, however, gave normal results in all patients at this stage. Soon after operation 15 patients (43%) had a raised left hemidiaphragm on their chest radiographs and 12 of these had abnormal results on screening. The three patients with preoperative elevation of the diaphragm and normal screening had normal screening results at this stage. Eight patients (22%) had a normal chest radiograph but abnormal screening. Of these, two had right sided hemidiaphragmatic weakness, two had bilateral weakness and four had left sided weakness.
With Student's t test no significant association could be found between the incidence of hemidiaphragmatic weakness or paralysis in this group and aortic cross clamp time. This was probably due to the relatively small number of patients studied. Repeat screening of the affected group of patients showed resolution in 16 (80%) at six months (table  2) , and in 18 (90%) at 12 months.
Discussion
The results of these investigations confirmed the suspicion that there was a relatively high incidence of partial or complete transient paralysis of the left hemidiaphragm (49.5%) in patients undergoing Special Clinical Topics," covering areas such as massive, non-thrombotic pulmonary embolism, and thromboembolisation in children; and "Future Prospects," including chapters on indium 111 platelet imaging and pulmonary angioscopy. Each chapter is clearly written and concise. To cover a subject of this size and keep within 300 pages requires extensive, extremely up to date referencing and therefore rather less discussion, but the end result is a most effective source book for all physicians and surgeons. Over 1500 references are given, and although the index is slightly lacking at times this is a minor criticism. Every hospital library should be persuaded to hold a copy, as at this price it is rather expensive for individual purchase. The main emphasis of this atlas is on primary malignant tumours of the pleura, peritoneum, and pericardium, but benign mesothelioma and mesotheliomas of the tunica vaginalis and atrioventricular node are dealt with briefly. The first 47 pages are comprised of sections devoted to the gross and microscopic pathology and cytology of malignant mesothelioma. Aetiology, epidemiology, and clinical aspects are also covered. Each section is followed by an up to date list of references. The work of mesothelioma panels is outlined, and a list of such panels in various countries is supplied. The rest of the book consists of colour photographs illustrating the gross and microscopic appearances of malignant mesothelioma and other tumours of mesothelial tissue. The pictures are in general of high quality, but there are too many of them. Altogether there are 246 plates, among which are 39 gross photographs and over 100 photomicrographs of typical malignant mesotheliomas. The diagnostic usefulness of so many illustrations of well known tumours is limited. The relatively high cost of this book could be justified only if more attention had been paid to the problems of differential diagnosis, particularly in cytological and biopsy material. 
